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CLAIMS 

1 . A control device for controlling the poitbn of a. marine seismic streamer, the device 
comprising s body mechwteaMy connected in series between wo adjacent sections of I he 
streamer, senior meant in (ho body for determining etc angular position in a plane 
perpendicular to the longitudinal axis of the stteamu; two opposed control surfaces projecting 
outwardly from (he body, e%ch control surface being rotataWo about an axt* which in use 
extends transversely Df the streamer, and control means responsive to control signals and the 
sensor means for independently adjusting the respective angular positions of said two conem* 
surfaces so at to control the lateral position of the streamer as well as its depth, 

2. A control device as claimed in datm 1, for use with a mulh-seciioH stream w which 
includes an eiectric power Hue, wherein the control means ii at least partly electrical and 
arranged in use to icceivc ciccttic pnwer from said electric power line* 

3. A control device as chimed in claim 1 or claim 2, for use with a streamer which alto 
includes a control line, wherein the control means is arranged in use to receive control signals 
from the control line. 

4. A control device as claimed in any one of chums 1 to 3» wherein caid two control 
surfeco arc reJeasabty secured lo the body. 

5. A control device as daicned in dwm 4, wherein (he body is adapted to be wound unto 8 
streamer drum white still connected in the streajner. 

6. A control device at claimed in ctafm 5, wherein the body is st Jeatf parity flexible. 

7. A cottuol device as claimed hi chum 5 or claim 6, wherein the body is of Hpnroxmjatcly 
the same diameter as cite creamer. 

tt. A control device as claimed in any preceding claim, wherein said control m^ns includes 
ul lean one electrical motor. 



9, A <*Mf ol device » claimed in my preceding claim, wherein the control mcuns includes 
means for scnWftg ihs angular pojjiiwi of each of the two control surfccei. 

10. A control devwc a* claimed in any preoeding claim, wfrcrdn ttie two control turfroei 
rotate about a common axi&. 



11. A control device « ctaim«f in any preceding eiaim, wherein »ch of tr* tw> control 
surface* comprises a retpcofive wing-Mce member which is wept back with respect to the 
direction of tow of the dreamer. 

12. A control device at claimed in A»y preceding uhum. whereto the body ii adapted to be 
rton-roialaWy coupled in (tie streamer. 

13 . A control device for controlling the position of » streamer, the device being substantially 
a* hercio described with rwpett of Fibres Ito 5 of the accompanyiig drawingi. 
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CONTROL DEVICES FOR CONTROLLING THE POSITION 
OF A MARINE SEISMIC STREAMER 

This invention relates to control devices fbr controlling the portion of a marine seismic 
streamer. 

A marine seismic streamer is an elongate cable-like structure, typically up to several 
thousand metres long, which contains arrays of bydrcphoftts and b Mounted electronic 
equipment along it* length, and which is osed in marine seUmic surveying. In order to perform 
a 3D marine seismic survey, a plurality of such screamers are towed at about 5 knot! behind a 
seismic survey vesad, which also tcvws one or more seismic sources, typically air guns. 
Acoustic signals produced by the seismic sources are directed down through the water into the 
earth beneath, where tboy are reflected from the various strata. The reflected signals are 
received by the hydrophone*, and then digitised and processed to build up a representation of 
the earth strata in the arcs bang surveyed 

The streamers are typically towed at a constant depth of about ten mctreSj in order to 
facilitate the removal of undesired "ghost" reflection* from the surface of the water. To fceep 
the streamers a( cHU constant depth, control devices knowu as "birds", attached fo each 
streamer at intervals of 200 to 3 00 metre*, are used. 

Current designs of birds are hatteiy powered, and comprise a relatively heavy body 
which is suspended beneath the streamer, and which has a pair of laterally projecting wings 
(hence the name "bird"), one on each side. Hie combination of streamer and birds is arranged 
to be neutrally buoyant, and the angle of attack of both wings is adjusted in unison from time 
to time to control the depth of the streamer. 

Birds in accordance with these current designs suffer from a number of disadvantages. 
Because they ere battery-powered, the batteries can run out before the survey jj completed, 
necessitating either retrieval of the streamer for battery replacement, or deployment of a work 
boat to replace the battery in the water. The former operation is very time consuming, while 
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the latter cc be hazardous. Further, because the birds hwg beneath, the streamer, they 
produw considerable noise at they ire towed thresh it» w»t*r. wltfch noiat interferes witb 
•He lefleotcd signals detected by the hydiophonn in the « reS n,ci». The hanging of the birds 
from the streamers also means that the birds wed to be detach each time the streamer is 
retrieved and reached each tbt it is removed, which is eggin rather time cormimirfc. 

Daring the seismic airvey, tte streunen are intended to remain flraigtit, parallel to each 
other and equally sjuccd. However, after deploying the dreamer*, it is fyp i W f|y necesssry for 
the vessel to cruise in « straight line for 8t least three streamer lengths before the streamer 
distribution approximate! to this rid arrangement and the survey can begin. This increase* 
the time taken to any out the survey, and therefore increases the cost of the survey. But 
becauss of sea currents, the streamers fiequentry fail Co accurately fallow the path of the 
seismic wrvey vessel, sometime* devtulae from thiv path by an angle, known as the fiuher lag 
angfe. of up to 10". This aa adversely affect the covers of the survey, frequently requiring 
that certain pans «rthe survey be repeated. In really bad circumstances, the Streamers can 
actually become enlarged, which though we. cause? great damage and considerable financial 
loss. Cwcnl design* rf birds can do nothing to alleviate any ol these lateral streamer 
positioning problems 

it is therefore an object of the present invention 10 provide novel streamer control 
devices which alleviate at lea* wane of the disadvantages of the current designs, and/or which 
possess more functionality than the current designs. 

According to the present invention, there is provided « control device for controlling «r» 
position of a marine seismic streamer, the device comprising a body mechanically connected in 
series between two rijacent sections of the streamer, screw means in the body fo. 
determining its angular position in a plane perpendicular to the longitudinal axis of the 
streamer, two opposed control surfaces projecting outwardly from the bony, each control 
surf.ee being rotatable about an axis which in use ewends transversely of the itrewner. and 
control means repetitive to control signals and to wnsot means for independently adjusting 
the respective angulsr positions of said two control surfrces so as to control the lateral 
position of the streamer as well as its depth. 

•2- 



In r preferred embodiment of the invention, for use with a multi-section streamer which 
includes in dearie power line, the control moans 19 at least partly electrical and arranged in 
upe to reoeive electric power from said electric power lino. 

When the streamer also include* a control line, the control means ts preferably arranged 
in use to receive control signal* from the control fins. 

The control mesuu preferably includes, at least one electrical motor, and may alto include 
means for sensing the respective angular positions of the two control surfaces, 

Conveniently, said two control lurfsce* rotate about a common axil. 

Advantageously, each of the two control surface* comprises a respective wing-like 
member which is swept back with respect to the direction of tow of the streamer. 

Preferably, said control surfaces are reteaubly secured to the body, which may be 
adapted to be Jion-roWably w>upled to the ltreainer. 

The invention will now be described, by vay of examjiJe only, with reference to the 
accompanying drawings, of which: 

Figure I is a somewhat schematic representation of a preferred embodiment of u 
streamer conuol device in accordance with the present invention; 

Figure 2 is a sample schematic of a control system forming part of the streamer control 
device of Figure 1; and 

Figured 3 to 5 illustrate the operation of th? streamer control device of Figure 1. 

The streamer control device, or "binT, of Figure I is indicated generally at 10, and 
comprises an elongate streamlined body 12 adapted to be mosbirucally and electrically 
connected in series in a multi-section marine seismic streamer 14 of the kind which is towed by 
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typically around 40 cm, 90 that otwe the wings 2« hive bee/i detached trom the body I2 t the 
dreamer 14 can be wound onto and unwound from the large drum used for storing the 
streamer, with the body 12 still connected in the streamer, The quick-release attachment 30 
permit* the removal and attachment of the wings 24 to be at least partly automated as the 
streamer 14 is reded in and out during the aurvey. 

The reason for providing the elongate flexible part* of tht body 12 is to provide enough 
length for the inclusion of one or more hydrophones or hydrophone greupa, fchould thi» be 
necessary to preserve a desired uniform hydrophone spacing dang the length of streamer 14. 
[f no hydrophones need to be included, the flexible pans of the body 12 can be omitted 
altogether, along with the aforementioned Kress members. 

The control system 26 is schematically illustrated in Figure 2, and comprises u 
microprocessor-based control ciruuit 34 having respective inputs J 5 to 39 to receive* control 
signal* repreveniJrtive of desired depth, actual depth, desired lateral position, actual lateral 
pokitjon and roll angle of the bird 10 (ic the angular portion of the body 12 in a plane 
perpendicular to the longitudinal axis of the streamer 14). The desired depth signal can be 
either a Axed signal corresponding to the aforementioned 10 metres, or an adjuitable signal, 
while the actual depth signal is typically produced by a depth senior 40 mounted in or on the 
bird 10. The lateral position signals bto typically derived from a position determining system 
of tlie kind described in our US Patent No 4^92,990 or our Internai'iunal Patent Application 
No \VO°62l 163. The roll angle signal is produced by an jndbiomeier 42 mounted within the 
bird 10 

The control circuit 34 has two control outputs 44, 46, connected to wrttrol respective 
decirical Steppei motors 4&, 50, each of which is drivinsjly connected to a respective one of 
the wings 24. The stepper motor* 48, 50 have respective outputs at which they produce 
scgnaU representative of their respective current angular positions (and therefore of the current 
angular position* of the wings 24), which outputs are connected to respective control Inputs 
52, 54 of the control circuit 34. 
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In operation, the control circuit 34 receive* between i tt ,opuc» 35 and 36 a signal 
indicative of the difference between the actual arid desired depths of the bird 10, and receives 
between its inputs 37 artf 35 « sigmj indicath* of the ditfere™ between the acttau *n<| 
desired lateral positions of the bird 10. Those two difference signals are used by the control 
circuit 34 to calculate the roll visit of the bird 10 and the nupeetive n&to positions of the 
wines 24 which t^her will produoe the necessary combination of vertical force (upwardly 
or downwardly) and lateral force <1eft or right) required to move the bird 10 to the desired 
depth ami lateral position. The coetrol circuit 34 then adjust, each of the wings 24 
independently by meant of the stepper wotort 48, 50, to as to start to achieve the calculated 
bird roll angle and wing angular positions. 

Figures 3 to 5 illustrate the operation of the bird 10 in the case where the imam* 14 i s 
ilightly heavy (nightly negative buoyancy), and the bird 10 thus need* to produce lift to 
maintain the streamer at the desired depth. Thia lift it produced by the tier*, of the water over 
tlie wing, 24 OS the bird 10, resulting from the 5 knot towing speed ofthe streamer 14 through 
the water, md can be changed by changing the ingle of af tack of the wings with res^t to the 
flow The magnitude of the lift required for the situation envisa^d hy Figure 3 is indicated by 
the fenfith of the arrows 60. 

If the meaner 14 inw needs to be moved laterally to the rfcht (as viewed in Figures 3 tt, 
SX the angular position of the kft wing 24 of the bird 10 is fen adjusted to increase its lift, 
wlrile the angular position of the right wing it adjusted io decrease la lift, «, represented by 
the length of the arrows 64 in Figure 4, thus cawing the bhd 10 to roll clockwise from the 
position altown m Figure 5 to the position shown in Figure 4. This clockwise roU continue* 
until the bird 10 reaches Hie steady state condition shown in Figure 5, where it can be seen that 
the venical component of the lift produced by the wing* 24, indicated by the arrows 66. is 
equal to the lift represented by the arrow* 60 of Figure 3 ieouire<l |n ,mim*m the streamer 14 
tt the desired depth, while the much larger horizontal component, represented by the arrow* 
68, moves the streamer 14 to the right. 

While adjusting angular position* of the wings 24 of the bird to. the control circuit 
34 continuously receives signals representative of the actual angular positions of the wings 
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from the stepper motors 48, SO, a* well as * signal representative of tlic actual roll angle of the 
bird from the inclinometer 42, to enable ii to determine when the calculated wing angular 
position* and bird roll angle have been reached And a* the aforementioned difference signal* 
at the inputs 35 to 38 of tbe control circuit 34 reduce, tlit control circuit repeatedly 
recalculates the progressively changing value* of the rotl angle of the bird 10 and the angular 
positions of the wings 24 roquircJ for the bind and dreamer reach the desired depth and iatorat 
position, until the bird and streamer actually reach tho desired depth and hteral position. 

Tlte body of the bind 10 docs not rotate with respect to the streamer H and thus twists 
the streamer as h rolls. The streamer 14 resist* this twisting motion, so acting as s kind of 
tortion spring which tends to return the bird 10 to iti normal position (ie with the wings 2A 
extending horizontally). However, this spring returning action, though beneficial, is not 
esvetuial, and the bird 10 can 3f desired bo designed to rotate to a certain extent with respect to 
the axis of the streamer M. 

It will be appreciated thai the bird 10 has several important Advantages with respect to 
prior art birds. Us in-litie connection in Ihc streamer 14 rvot only reduces the noise it generates 
h$ the streamer is (owed through the water, but also enables it to derive power and control 
signeb vl* the strainer arid so obviates the need for batteries (although they may still be 
provided if desired for back-up purpow). But most importantly, it enables the horizontal or 
lateral position of the Mrcamer 14 in b& controlled, and not jua Its depth. 

Another significant advantage of the bird JO is that by virtue of the shortness of the stiff 
parts of the respective body 12 and the easily detachable wings 24, it does not need to be 
removed from the streamer 14 during wmding and unwinding. This save* a considerable 
amount of time when carrying out the seismic survey. 

Many modifications can be made to the- bird 30, For example, the wirtgs 24 can be 
staggered slightly along the length of the body 12, in order to provide Rightly more room for 
their respective drive trains. Additionally, the electric motors 48, 50 cw be replaced by 
hydraulic actuators. 
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